Haemophilus ducreyi has traditionally been difficult to identify. We have utilized simple test methods to identify 19 fresh isolates obtained during a recent outbreak of chancroid in Houston and six strains of H. ducreyi from other outbreaks. Tests were performed from growth on chocolate agar after 48 h of incubation at 35°C with increased humidity and C02. All isolates exhibited typical colonial morphology and Gram stain. Isolates were catalase negative and oxidase and nitrate positive (in enriched broth). The RapID NH system failed to identify these strains because of negative reactions with alkaline phosphatase and nitrate reductase. However, by using the RapID-ANA system, all strains were positive for alkaline phosphatase and arginine, glycine, and serine aminopeptidases. Their biochemical profiles were distinct from those obtained with 66 strains representing 13 species similar to H. ducreyi. We also investigated the use of sodium polyanetholesulfonate (SPS) disk susceptibility to identify and differentiate H. ducreyi from other species. All H. ducreyi isolates were susceptible, as evidenced by the presence of a zone of inhibition with an average size of 15 mm around the SPS disk. With the exceptions of Neisseria gonorrhoeae, Gardnerella vaginalis, and Capnocytophaga spp., no other strain showed any evidence of inhibition. The latter three organisms can be easily differentiated from H. ducreyi by various features including reactions in the RapID-ANA. We conclude that, by considering simple growth and biochemical characteristics, SPS susceptibilities, and reactions in RapID-ANA, it is possible for more clinical laboratories to definitively identify this organism.
Haemophilus ducreyi is the causative agent of chancroid, an endemic disease in several developing countries (4, 15, 24) . Throughout the western world including the United States, chancroid occurs in epidemics. In the United States, the reported incidence of chancroid seems to be increasing (12, 17) . However, because the organism is extremely labile and fastidious, the recovery of H. ducreyi is a difficult task, discouraging serious attempts to demonstrate the organism in culture. As a result, the laboratory diagnosis of chancroid was commonly based on microscopic appearance of stained films of ulcer exudate, despite the dubious reliability and poor predictive value of this method (12, 20) . In the past 10 years, however, several culture methods and media which could enhance the ability of clinical laboratories to recover this organism have been described (3, 6, 7, 19, 21) .
Once the organism has been isolated, H. ducreyi has few dependable biochemical characteristics, making it difficult to identify except on the basis of morphological and cultural characteristics. Discrepant results of key identification tests such as oxidase, catalase, and nitrate reduction have been reported (13, 14, 22) . Recent studies on the enzymatic profile of H. ducreyi provided new information on the biochemical activity of this organism by demonstrating the presence of aminopeptidases and esterases with various specificities (2, 22, 25 qualitative micromethod that employs conventional and chromogenic substrates for the identification of medically important species of Neisseria, Haemophilus, and a few other related genera. The principle of the RapID-ANA system is the same, but it tests for 18 preformed enzymes, which include alkaline phosphatase and seven different aminopeptidases, and it has been designed primarily to identify anaerobic organisms. In this report, we evaluated the ability of the RapID-ANA system to biochemically distinguish H. ducreyi from other organisms. In addition, since susceptibility to a sodium polyanetholesulfonate (SPS)-containing disk is commonly used as a means of identifying certain organisms (5, 16, 26) , we assessed the value of this test as a screening method to identify and differentiate H. ducreyi from similar organisms.
MATERIALS AND METHODS
Bacterial strains. Nineteen clinical isolates of H. ducreyi recovered from patients with chancroid during a recent outbreak in Houston were evaluated in this study. In addition, H. ducreyi strains obtained from the following sources (number of strains) were tested: Centers for Disease Control, Atlanta, Ga. (n = 3); Dallas outbreak (n = 2); and ATCC 33921. For comparison of biochemical activity and SPS susceptibility, the following gram-negative organisms were also tested: H. influenza (n = 5), H. parainfluenzae (n = 5), H. aphrophilus (n = 1), H. haemolyticus (n = 3), H. (Actinobacillus) actinomycetemcomitans (n = 8), Eikenella corrodens (n = 8), Cardiobacterium hominis (n = 4), Pasteurella multocida (n = 5), Capnocytophaga ochracea (n = 4), Capnocytophaga canimorsus (formerly CDC group DF-2) (n = 1), Gardnerella vaginalis (n = 10), Neisseria gonorrhoeae (n = 5), and Moraxella spp. (n = 7). All strains were IDENTIFICATION OF H. DUCREYI 109 grown on chocolate agar at 35°C in the presence of 7 to 8% C02 and 95% humidity.
Identification. Colonies were presumptively identified as H. ducreyi on the basis of their cohesiveness, which made them able to be moved intact across the agar plate (14) . Whole colonies were transferred to a microscope slide, fixed, Gram stained, and examined for typical arrangement of cells. Colonies were then tested for their X-factor requirement, catalase, oxidase, and nitrate reductase. The porphyrin test was performed according to the method of Kilian (9, 10) . Briefly, a heavy suspension of a 48-h growth was added to 0.5 ml of the enzyme substrate 8-aminolevulinic acid hydrochloride (2 mM 8-aminolevulinic acid and 0.08 mM MgSO4 in 100 ml of 0.1 M phosphate buffer, pH 6.9). Tubes were incubated at 35°C and examined for red fluorescence with a Wood lamp after 4 and 24 h of incubation. H.
influenza and H. parainfluenzae were the positive and negative control organisms, respectively. The absence of red fluorescence, which indicated that 8-aminolevulinic acid had not been converted to porphyrins, was considered positive for the growth requirement of X-factor. The standard slide method was used to test for the enzyme catalase. The presence of cytochrome oxidase was determined by adding a few drops of tetramethyl-p-phenylenediamine dihydrochloride on well-isolated colonies on chocolate agar and observing for 2 min for the appearance of a violet color. Testing for nitrate reductase was done by growing the organism for 48 h in 0.2% KNO3 heart infusion broth at 37°C and then adding suitable reagents at the end of incubation.
The RapID NH and RapID-ANA systems (Innovative Diagnostics) were used. Additionally, an API ZYM 20-test kit (Analytab), was evaluated in the first part of this study. All products were used according to the recommendations of the manufacturer. Heavy inoculum was prepared by harvesting growth from 18-to 24-h plate cultures (40 to 48 h for H. ducreyi and G. vaginalis) into a tube containing the inoculation fluid for each kit. The inoculum was then transferred to the test panel and incubated, and the reactions were interpreted according to the instructions of the manufacturer.
The SPS disk susceptibility test for identifying Peptostreptococcus anaerobius and G. vaginalis was performed as described previously (16, 26 H. ducreyi possesses a wide range of aminopeptidase activities. Investigators have used a combination of the API ZYM test kits, which can perform 95 tests, including those for different aminopeptidases, esterases, and glycosidases. They reported that some aminopeptidases and esterases with certain specificities were detected in every strain examined, while some enzymes exhibited variations among strains (2, 25) . This strain-enzyme variation was also proposed as a useful marker for the epidemiologic study of H. ducreyi (25) . All 25 strains of H. ducreyi in this study demonstrated the presence of glycine, arginine, and serine aminopeptidases. In addition, 72, 16, and 8% of isolates were positive for leucylglycine, phenylalanine, and proline aminopeptidases, respectively. These results compare favorably with previously published reports on the aminopeptidase activities of this organism (2, 25) . As judged by the intensity of the color in the reaction well, the strongest aminopeptidase activities were observed with glycine, arginine, and serine as substrates. Despite the fact that differences in growth conditions (medium, incubation time, atmosphere, temperature, and pH) and enzyme test systems may influence test results, this similarity in findings could indicate that, unlike other enzymes such as oxidase or nitrate reductase, the activity of aminopeptidases in H. ducreyi is probably not dependent on the growth conditions or test system(s) used.
The ability to demonstrate alkaline phosphatase activity by the RapID-ANA but not by the RapID NH system is interesting. According to the package insert of the manufacturer, both of these systems contain the same substrate (0.1% p-nitrophenyl phosphate). A similar discrepancy in alkaline phosphatase results between the two systems has been recently reported for Campylobacter pylori (23) and was attributed to a difference in either substrates or pH. The API ZYM panel, which contains a different substrate (2-naphthyl phosphate) for detecting phosphatase activity, was able to demonstrate both alkaline and acid phosphatase activity in all 10 H. ducreyi isolates tested. Therefore, the difference in substrates between API ZYM and RapID-ANA did not affect test results between those two systems. In addition, the RapID system manufacturer confirmed for us that both kits we were using for this study contain the same substrate. We measured the pH in the alkaline phosphatase reaction wells in the RapID NH and RapID-ANA panels and found it to be 6.9 and 7.4, respectively. Therefore, it is possible that the final pH is optimum in RapID-ANA. What is apparent, however is that RapID NH was unable to detect the presence of H. ducreyi phosphatase.
In order to assess the value of the RapID-ANA system in identification ofH. ducreyi, we evaluated the performance of 66 clinical isolates representing 13 different species that might be similar to or could be confused with this organism. As seen in Table 1 , H. ducreyi gave a distinct biochemical profile with this system. Most other strains gave positive reactions for aminopeptidases that were also positive for H. ducreyi, but additional positive tests for other organisms on the panel separated H. ducreyi from other organisms. Our results indicate that the RapID-ANA system appears to offer a rapid alternative method to confirm the identity of H. ducreyi when used with simple tests such as production of catalase and oxidase and observations for characteristic colony morphology, Gram stain morphology, and growth requirements.
We found SPS disk susceptibility to be extremely useful in identifying and differentiating H. ducreyi. To our knowledge, susceptibility to SPS has not been reported for H. ducreyi. The mechanism for this susceptibility is not understood by us at this time. However, H. ducreyi is an extremely susceptible organism whose viability is affected by several growth condition factors, and a possible role for autolysins has been proposed (14) . Although susceptibility to SPS is not a very specific characteristic of H. ducreyi, organisms sharing this property can be easily distinguished from H. ducreyi by features such as colony morphology, Gram stain, or simple biochemical tests. Therefore, the specificity of SPS disk susceptibility testing can be greatly increased when such simple features are taken into consideration. We found this to be a highly sensitive, simple, and relatively inexpensive method. If necessary, further differentiation between SPS-susceptible organisms can be achieved by using the RapID-ANA test panel. On this panel, N. gonorrhoeae, G. vaginalis, and Capnocytophaga spp. can be differentiated from H. ducreyi by three, five, and seven tests, respectively (Table 1) . We propose that presumptively identified H. ducreyi be first subjected to an SPS disk susceptibility test, the results of which are ready after 48 h. The heavy lawn of bacterial growth on the chocolate agar plate away from the SPS disk can then be used to inoculate the 4-h RapID-ANA panel, allowing full identification in only 2 days.
